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Introduction
A Coriolis Mass-Flow Meter (CMFM) is an active device based on the Coriolis force principle for
direct mass-flow measurements independent of fluid properties with an high accuracy, rangeability and
repeatability [1]. The basic working principle of a CMFM is simple, a fluid conveying tube is excited
by an actuator to oscillate, with a low amplitude, whereby resonance frequencies are used to minimize
the amount of supplied energy. A fluid flow in the vibrating tube induces Coriolis forces which affect
the tube motion, changing the vibration shape. The forces and the consequent motion are proportional
to the mass-flow. Measuring the tube displacement, such that the change of its vibration shape can be
measured, allows measuring the mass-flow.
Experience shows that a problem can arise when a CMFM is placed on a nonrigid surface, resulting
in a drift in the measurement. The accuracy of the sensor is thereby influenced by the place and type of
support. Therefore a CMFM with its connection to a rigid surface is modelled to analyse the effect of
external damping and stiffness on the mass-flow measurement.
Modelling
A flexible multibody model [2, 3] is made based on the dimensions of an example CMFM with the
modelling package SPACAR [4]. A structural representation is given in figure 1, showing the flexible
tube-window, the casing, trusses for applying forces and reading out displacements and the connection
between the casing and the fixed world.
Considering only small displacements the mass matrix M , the damping matrix C and the stiffness
matrix K of the linear system can be determined. Analysing the complex eigenvalue problem (−ω2M+
iωC + K)~v = ~0, the natural frequencies and modeshapes can be determined. The modeshapes of the
excited mode and the flow-induced mode, which occur 90 degrees out of phase, are depicted in figure 2.
A second result of the eigenvalue problem are the displacements of the tube at the location of the sen-
sors s1 and s2, which become complex valued for a system with non-proportional damping or nonzero
fluid flow. The phase difference between those two displacements is a measure of the mass-flow [2, 3]:
∆θs1,s2 =
ℑ(s1)
ℜ(s1)
−
ℑ(s2)
ℜ(s2)
= 2
ℑ(s1 + s2)
ℜ(s1− s2)
= S0m˙+ f(~d,~k) (1)
where S0 the measurement sensitivity, m˙ the mass-flow and a offset function f due to the mounting
damping ~d = {dA, dB}T and stiffness ~k = {kA, kB}T . This offset results in a mass-flow measurement
error m˙error =
f(~d,~k)
S0
, where S0 ≈ 0.1NominalF low [rad] for the analysed CMFM for low flows.
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Figure 3: Phase difference, limited to
1.5e−3 rad, by changing dB and kB
with a constant dA, kA and zero flow.
Analysis
To answer the question if the mounting properties can influence the measurement, the mounting prop-
erties of the model depicted in figure 1 are variated. For the asymmetric case, side A of the CMFM
is connected to fixed world with low damping dA = 0.3[Nsm ] and low stiffness kA = 400[
N
m
], but the
values are varied at side B of the CMFM (figure 1) forcing asymmetry.
The calculated phase differences, equation 1, for the asymmetric variation of the mounting stiffness
kB = [10, . . . , 10
7] and damping dB = [0.01, . . . , 106] are depicted in figure 3. An artifact is seen
around kB ≈ 2 · 105, this stiffness parameter results in a suspension frequency approximating the
natural frequency of the CMFM excited mode, therefore a mounting stiffness around this value should be
avoided. Below kB < 105 the phase difference is approximately zero except around a peak at dB = 250,
indicating an optimum in the cross-modal damping between external damping and the tube-window
vibration mode damping. Above kB > 106 the phase is approximately zero independent of damping, so
high mounting stiffness or high damping is recommended to avoid a phase difference measurement.
Conclusions
The influence of the CMFM support on the measurement value is considered. The analysis shows that the
suspension indeed affects the measurement. A suspension frequency around the actuation frequency or
asymmetric damping of the CMFM casing can affect the measurement value. By applying a low frequent
suspension, the unwanted sensitivity due to external damping creates a CMFM design challenge.
Besides influence of external damping, also asymmetric tube-window damping is expected to intro-
duce a measurement error. More research is needed to understand the fundamentals of this phenomenon.
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